Chapter V

Estrogenic Effect of Pueraria mirifica Phytoestrogens on
the Decrease of Gonadotropin Levels in

Aged Menopausal Monkeys
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luteinizing hormone (LH), and emol sults showed that PM-10 induced the
,.a__,.-‘- L :

decrease of FSH lé_\;els on days 15 w{ eatment period in 1/3 of

S throughout the treatment
period. After the eeratlon of PM treatment the JHtlacrease of FSH levels was

maintained forﬁ am 8 ?ﬁﬁrﬂlﬁl Gwaﬂ Prfm respectively, and the

levels were rebounded in all grgups thereafter PM-10 decreased LH level
thfougﬁltw&ﬂ?ﬁtﬂ@m/ﬁfW%’a %@ %f.ﬂeﬂ EF pre-treatment
levels mﬂnedlately after the cessation of PM treatment. PM-100 and PM-1,000
prominently decreased LH levels between days 10 — 90 during treatment period and,
the effect was maintained until days 15 — 25 and days 20 — 30 during the post-
treatment period by PM-100 and PM-1,000, respectively. LH levels showed the
rebounded levels after returning to the pre-treatment levels in a dose dependent

manner. Serum estradiol levels tended to decrease during the treatment period in all
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groups. It is concluded that daily intake of PM suppresses gonadotropin levels in
aged menopausal monkeys dose dependently. The decrease of hormonal levels can
be recovered with the durations dependent on doses. The higher dose takes the
longer time to recover. From this study, it is suggésted that PM can be used as an
alternative medicine in aged menopausal women for the estrogen effect, because the

effect is reversible after stop using.
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monkey

coumestrol (lngham;? al., 1986a, 1989 oestrol (Pope et al.,, 1958), puerarin

(Ingham et al., 1986b), ddgxymiroestrol and kwakhurin (Chansakaow et al., 2000a,

2000b). Froﬂ% &Jn;gtvm ﬂ %]stﬁl w&eﬂ IQ’-‘jstrogenlc potency when

assayed by the immature mousefuterine weight and rat vaginal cornification tests
(Pope@ ﬁm&ﬂ ﬁdm;'] iﬂ)ql@ ?] ﬂr:ltﬁ EoLcreased uterine
weight in immature female mice (Jones and Pope, 1 960) and produced the
cornification of the vaginal epithelium in ovariectomized-adrenalectomized rats (Pope
et al., 1958). Nowadays, PM become of widely interest in biological research by its
estrogenic properties. Our prior studies showed that a single dose of 10, 100, and

1,000 mg/day of PM feeding prolonged the menstrual cycle length in adult cyclic
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cynomolgus monkeys (Trisomboon et al., 2004). Moreover, the long-term treatment
for 90 days suppressed serum levels of gonadotropins and ovarian hormones in dose
dependence. The monkeys fed with the highest dose (1,000 mg/day) showed
amenorrhea symptoms (Trisomboon et al., 2002). From the clinical trial in women,
long-term consumption of PM reduced the postmenopausal symptoms including hot
flush, sleep disorder, and skin dryness (Muangman and Cherdshewasart, 2001).
The previous studies, however, h vr reported no data of the effect of PM on
reproductive hormones in aged }n women with an ovarian estradiol

deficiency. Actually, a nurnbo‘"’r_of g‘ged @sal women who turned to use

natural estrogenic suf?f:/f ea of syntb\strogen for their menopausal
symptoms, are particularl

! It ans that phytoestrogens are considered

-
to be effective.

Y

aird et al., 1995; Duncan et al.,

reproductive hormones in otja.-przme@l
1999) and postmenopausal*wbmén;(m et al., 1995). Additionally, the
k-
A ,

Y5

of | estrone and estradiol in

epidemiological studi
postmenopausal Japﬁese women wh ed h'gb amounts of soy isoflavones

(Shimizu et al., 1990). ¢

AUYINYNINYINT

Thereforéllit is of interest to |nvest|gate the Iong-term effect of PM treatment on
G L OGRS ﬁﬂﬂ S48 ) T on o o
term efféct of PM on humans is, however, very difficult to follow-up because of the
uncontrolled diet. Female cynomolgus monkeys (Macaca fascicularis) were,
therefore, used as a model in this study, because of their similarity in the hormonal

patterns and reproductive system to those of humans (Krajewski et al., 2003).
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5.2 Materials and Methods
5.2.1 Animals

Aged menopausal monkeys (Macaca fascicularis, n=9) with a complete
cessation of menstruation for at lest 1 year and weighing 4.0 - 6.5 kg were selected.
Menopausal state of the monkeys was confirmed and checked daily by vaginal
swabbing method before and dun treatment. The monkeys were housed
separately in an individual. c*ag‘é z// ate Research Unit, Department of
Biology, Faculty of ScnenMaloq’kor@ty, Bangkok, Thailand. Lighting
cow 12 h light to dark cycle).

nding on the season. The

conditions of the ani

Temperature and humj

monkeys were fed dail chow (P han Animal Feed Co., Ltd., Bangkok,
Thailand) in the mornin upplerhented with fresh fruits in the
afternoon (14:00 — 15:00 r oZoI was approved by the ethics
committee in accordance i re and use of laboratory animals
prepared by the Primate Rese;l:e&Unu ngkorn University

‘ i
Nine aged men‘bjpausal monkeys were divided mto three groups. Monkeys in

each group (FT uvﬂerggdm E}lﬂﬁpwsﬁ 6'r| Fﬂ % doses of 10, 100, and

1,000 mg/indiVidual/day (abbre\gated as PM 10, PM-1(2& and PM-1,000,

oo e B 6001850 ] b sence s

separate% into 3 periods: pre-treatment, treatment, and post-treatment. During the
pre-treatment and post-treatment periods, monkeys were fed daily with 5 ml of
distilled water for 30 and 60 days, respectively. During the treatment period,
monkeys were fed daily with the suspension of PM for 90 days. Three-ml blood

samples were collected from the femoral vein without anesthetization between 08:30
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— 09:30 h every 5-day and then were centrifuge at 1,700 x g, 4 ° C for 20 minutes

and sera were stored at —20 ° C until hormonal assays were performed.

5.2.3 Preparation of the Suspension of Pueraria mirifica

The fresh tuberous roots of PM were sliced, dried in hot air oven at 70°C, and
subsequently ground into powder at size of 100 Mesh. Then, the stock of its powder
was kept in the dark desiccator befori'] preparation of its suspension. PM powder

was suspended into distilled w%\% ypt in a dark bottle at 4 ° C until the

feeding time. "—-- 9 e
"—

5.2.3 Hormonal % '

The serum sample

i

provided by Dr.Y.Mori (Unlvers‘;ty:-_oTETo

= ".—'

serum level of estr Jlol was determmad y do an i:ody RIA with *H-labeled

orld Health Organization

(WHO) (Sufi et al., 1986).

524s_n=ﬁalllﬂ§l3flﬂﬂ‘§WEJ’1ﬂ§
Sﬁﬂ“ﬁﬂ"ﬂ‘@ﬂ'ﬁ’f‘l}! § VAT B o o

mean + S.E.M. Analysis of variance (ANOVA) followed by the LSD test was applied
to determine the significant difference among those three periods and among all

three groups. Differences were considered to be significant at P < 0.05.
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5.3 Results

5.3.1 Basal Levels of Serum Gonadotropins and Estradiol in Aged Menopausal

Monkeys

Menopausal state of monkeys in this study was confirmed by the low levels of
serum estradiol (14.71 + 1.18 pg/ml) and the high levels of both serum FSH (3.81 +
0.61 ng/ml) and LH (5.85 + 0.80 ni/ml) throughout the 30 days of pre-treatment

!/!}W/ed menopausal monkeys with those

normally cycling monkey%arlbfoll se of the menstrual cycle in our
——:’ =
colony, the estradiol level&"are ‘

the latter (27.54 + 4.

period. When we compared the;’e\

-®

, but : nd LH levels were higher than
"9\. s

ol, 1.60‘%3 ng/ml for FSH, and 0.51 +

5.3.2 Changes i ' ropins and Estradiol in Monkeys

0.03 ng/ml for LH).

Treated with PM

}‘l;“?:f?l F {;}!ﬁ
Changes in serum levels-and co

o gy ) S ;
d--r;,.-""_‘_—'_:_{;f - '}"

the treatment and post-treatment pefio& in moM?f d with PM-10, PM-100,
and PM-1,000 compared with the p a}j

tion patterns of gonadotropins during

are’shown in Figures 5.1 - 5.3,

respectively. U Py e j.'.!

: m@;@gifj ASNTNSIAD Tee 51, o 1o

decreased on days 10 - 15 in monkey nos. 58 and.85 and on dafs' 15 - 90 in monkey
no. 11 alrmt’;l Qaﬂ'\a im urm :;]/;g ngl-l g keys, however,
tended tqo recover the pre-treatment levels during the treatment period and
rebounded during the post-treatment period. In all monkeys treated with PM-100,
FSH levels decreased prominently on days 5 — 90 during the treatment period.
Serum levels of FSH remained low until the first 5 days of the post-treatment period

and rebounded thereafter. In monkeys treated with PM-1,000, FSH levels decreased
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prominently on days 5 - 90 during the treatment period and kept the low levels until
days 10 — 20 of the post-treatment period before returning to the pre-treatment
levels. Interestingly, during the post-treatment period, FSH levels in monkeys treated
with PM-1,000 showed a rebound slower than the monkeys treated with PM-100 and

PM-10, respectively.

As shown in Figure 5.2, LH levels in monkey no. 11 treated with PM-10 were

decreased prominently on day 5 q*&ﬁ&treatment period, and were kept low

&i with PM-10, LH levels did not
;

significantly change fro‘r_n—_g_p;e-'fﬁtreat" entTevel—s_—I‘nmonkeys treated with PM-100
| n'\{nenﬂy\!’!’hmo days from the beginning of

thereafter. In monkey nog‘:zs and

and PM-1,000, LH leve

the treatment period.
the first 15 - 25 days f;

to the response of FS

pre-treatment levels and reb n&eb:a_
Al

_,.-J-,-.
ila_‘

As shown in Figure 5.3, éﬁdxol :

d-.-_-_, ___‘_,

t

monkeys treated with -10 and PM-1 H.' F = monkeys treated with PM-
{)

10 and PM-100 did ndJ recover to the pre-treatment levels during the post-treatment

e B FNENTNYINT

5.3.3 Cmarin Effects of the Diff Dose: >M on’ Gonadotropin and

There were high variations of FSH and LH levels during the pre-treatment
period of monkeys in each group because of differences in the timing to enter the
menopausal state. The monkeys entered the menopausal state earlier (> 5 yrs) had
the higher level of FSH (P = 0.01) and LH (P = 0.01). Those in later entering

monkeys (< 5 yrs). Estradiol levels, however, did not significantly differ between the
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two groups of monkeys (P = 0.95), as shown in Figure 5.4. Thus, to compare the
potential effect of various doses of PM on hormonal levels, serum levels of hormones
were adjusted to percent changes from the pre-treatment levels, arbitrarily assigned

at 100 and pooled the data of that three monkeys together.

As shown in Figure 5.5, during the treatment period, FSH levels decreased

prominently to 37.04, 19.33, and 6.69 % of the level in the pre-treatment level on day

Vf ively. FSH levels remained low in PM-

b & 7.36 — 19.33 % for PM-100, and
J

atment period. During the post-

10 for PM-10, PM-100, and PM-1. (0]

100 and PM-1,000 (37.04
_—

on days 10 and 20 for PM-

100 and PM-1,000, re rominent decrease, between

N
days 10 — 90 during t g \QZS.GS % for PM-10, 22.70 -

77.32 % for PM-100, % for PM-1,000. LH levels rebounded on
i G
days 5 and 45 of the posidireatment,periog

!‘Je"? i,

LH levels in PM-1,000 group, h;@er;’% wer than the pre-treatment levels
until day 60 of the post-treatméﬁf*’g'ﬁ‘rbﬁi :

10 and PM-100, respectively. The

1

Estradiol le decreased w

uring the treatment period

!
onst—treatment period in all

¢ o L
monkey groupﬁ 'ﬁ Wﬂﬁwmmestradiol levels did not

appear dose dependent .

AMIAIN TN INYAE

b
and increased to thelre—treatment levels during th
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Figure 5.1 Changes in FSH levels during the pre-treatment, treatment, and post-
treatment periods in aged menopausal monkeys treated with 10 (A), 100 (B), and
1,000 (C) mg/day of PM. The vertical lines indicate the border between periods. A
black horizontal line indicates treatment period. # indicates serum FSH levels of

monkey no. 25
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Figure 5.2 Changes in LH levels during the pre-treatment, treatment, and post-
treatment periods in aged menopausal monkeys treated with 10 (A), 100 (B), and
1,000 (C) mg/day of PM. The meanings of the vertical and black horizontal lines are

the same as those given in Figure 5.1. # indicates serum LH levels of monkey nos.

11, 605, and 72.
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Figure 5.3 Changes in estradiol levels during the pre-treatment, treatment, and

post-treatment periods in aged menopausal monkeys treated with 10 (A), 100 (B),

and 1,000 (C) mg/day of PM. The meanings of the vertical and black horizontal lines

are the same as those given in Figure 5.1.
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Figure 5.5 Serum levels of gonadotropins and estradiol during the treatment and
post-treatment periods were standardized by the percent changes against the pre-
treatment levels. A black horizontal line indicates the treatment period. Each of the

plots expressed the mean + S.E.M.
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5.4 Discussion

It has long been recognized that estrogen deficiency due to the cessation of
ovarian function in aged menopausal monkeys is associated with a significant rise in
pituitary gonadotropin levels, similar to those in postmenopausal women (Park et al.,
2002; Woller et al., 2002). Loss of ovarian estrogen with menopause results in the
malfunction of the negative feedback mechanism on the hypothalamus and pituitary
and, thus, both of FSH and LH Ieve‘@#f eased. In this study, we found that oral
administration of PM mduced.gbprommerv&&e in both of FSH and LH levels in
aged menopausal monk‘eyLTja__—dose epe manner. Comparing the response

of FSH and LH levels qf PM, t\ﬁMer dose exhibited the higher

potency in the decrea

.3
ytoegtrogens (Pope et al., 1958:
\
al., 2000a, 2000b; Muangman

PM is known

Ingham et al., 19863,

& o 5
PES

similar to those of estrogens. ":F.Eey -'nd to estrogen receptors and exert

_-.a___,.a-‘:_,‘_‘

l

humans (Cassidy 1994 1995,

gl
ﬁfl f!
investigating the pote |aI actlon of phytoestrogen genistein, on the hypothalamus

and pituitary ﬁu EJaVJ ﬂﬂtﬁ ?Wﬁ "e’ﬂulﬁtrated that genistein

administration blocked the GnRH- Ir}duced rise of LH in ovanectomlzed rats (Faber
and H@% @ﬂlﬁgﬁﬁﬁtm WWWtH% Btlon led to the
decrease’of the GnRH pulse generator frequency, reduced pulsatile secretion of LH
in addition to suppression on pituitary LH response to GnRH priming in

ovariectomized rats both in vivo and in vitro studies (McGarvery et al., 2001).

Concurrently, studies on exogenous estrogen administration showed the direct

effect of the negative feedback mechanism. Estradiol benzoate reduced LH release
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caused by reducing the sensitivity of gonadotrope to GnRH stimulation without
altering the GnRH secretion pattern in ovariectomized rhesus monkeys, suggesting
that the target site of estrogen is the pituitary level (Nakai et al., 1978; Pau et al.,
1990). In addition, administration of estradiol benzoate using push-pull perfusion
decreased pulse amplitude and basal release of GnRH and reduced LH levels in
ovariectomized rhesus monkeys, suggesting that the target site of estrogen in the
and Terasawa, 1993; O’'Byrne et al., 1993).

hypothalamus level (Changthamma u[\

o
In the present study, although we d //#pclude that PM treatment affects at the

hypothalamus level, we cdﬂd-e‘ssumg;thatfﬁ% an estrogenic effect to decrease

in gonadotropins by th!'f'—f

pituitary. The conclusion

feedback mechanism at the hypothalamus and

rr ) .

gonadotropin levels wa ) 4 b ies on the effect of synthetic estrogens,

such as conjugated ‘est stradiol, vale te, and others (Varma et al., 1985;
o \

Casson et al., 1997; Bray "

The deficiency of ov anfgﬁﬁ_’étion 1@11enopause results in the decrease of

the secretion of ovarian estradiel. Aged 'ﬁfﬁéﬁ“ausal __m%nkeys in this study have the
A —x

lower levels of --_4.-“ diot-thanthose in-norm Jclic monkeys in the early
follicular phase. In thgresponding to the long-term tre\gtment of PM, serum levels of

estradiol decreased durihg.the treatment ¢period and returned to the pre-treatment

levels after tla u%&mﬂmﬁnWHllng groups. Estradiol in
menopausal ir?cl'liividuals main l”fc s_ fro i éﬂ%!conversion of
andros:aquiarg \@ ﬁtﬂimﬂﬁn}liﬁeﬁﬂi one. There are in
vitro studies demonstrating that the genistein and coumestrol reduced these
conversions (Makella et al., 1995; Whitehead et al., 2002). These findings seem to

imply that PM phytoestrogens may have a direct effect on estradiol production by the

conversion of other steroid hormones, not depended on the decreased



84

gonadotropins through the hypothalamus-pituitary-gonadal axis. Nevertheless, the

additional studies for the further understanding have to be done.

Estrogenic effect of soy phytoestrogens on serum levels of reproductive
hormones has also been studied in postmenopausal women. The daily intake of high
amounts of soy containing 165 mg isoflavones for 4 weeks induced the slight
decrease in circulating levels of FSH, LH, and estradiol in postmenopausal women
(Baird et al., 1995). At lower dosqs\df{/favones 7.1 - 132 mg/day for 3 months,

@Is (Duncan et al., 1999). The same

result was obtained in :ﬂﬁ[}tud that s,‘\ the daily intake of 56 and 90 mg of

isoflavones for 3 or 6 M ld

in postmenopausal w

however, could not change se wm FSH

cl_)ange serum levels of FSH, LH, or estradiol

, 2002).. Muangman and Cherdshewasart
J-, \

.‘ 4

flauones m*PM and proved that PM in the same lot

i ] -"J‘J i"

present .&t‘reat ent of 10, 100, and 1,000 mg/day

.HJ-

d uj!*s_oynused‘ger tudies (Baird et al., 1995; Duncan

et al., 1999; Persky et al., 2002). However, the_lowest dose of PM (10 mg/day),
) __ VA
1Q isUlavones, couid ciearly suppr serum FSH and LH levels

the isoflavones content i

are less than those contai

containing 0.0169
in aged monkeys. It CE'P therefore, postulate tha te E'?tency of PM phytoestrogens
is stronger than soy phytpﬁrogens underhe same quantity in isoflavones. From in

vitro study, colﬂ %&Lé} m&m@mﬂ '] ﬂmﬁwg affinities to estrogen

receptors as hngh as 5% of estradiél. Meanwhilé relati ;Qﬁléfxﬂmg affinities of

ol b ekt o e o K

1972). It Is possible that the stronger potency of PM than soy is due to the presence

Shutt and Cox,

of other kind of phytoestrogens in PM, e.g. coumestrol and miroestrol.

The time course of PM function is worth while considering. Suppressive effect
of PM on serum levels of gonadotropins was observed on days 10 - 90 during the

treatment period. Pharmacokinetics studies showed that after ingestion of soy
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isoflavones, the elimination half-life of genistein and daidzein are 7 and 4 hours in
premenopausal women and 4 and 3 hours in men (Lu and Anderson, 1998). Other
studies also indicated that half-lives of genistein and daidzein are 5.5 and 7.4 hours
in premenopausal women (Setchell et al., 2003) and 8.3 and 5.8 hours in men,
respectively (Watanabe et al., 1998). From these evidences, it can assume that at
the initial feeding, concentrations of phytoestrogens in blood circulation did not reach
to the threshold level of response. . Al ough no physiological response could be

observed, the biotransformation- \ ’ éﬁens should have occurred and the

metabolites were excreted-%zgh tr"a udéﬂter a daily treatment of PM for

-

approximately 10 daysM lirations oT%ogens in the blood circulation

were accumulated to re

re: o\d concentrations. The full-physiological

response occured in all

N N

‘ clfth rec of g;onadotropin levels during the
o A

r. After the cessation of PM

study also found the laten¢

or seéveral days before recovery to the

G -

cessation of PM-10, “Qn the other hand |t MM{ time for the rebound action

in the higher doses A{l -100 and PM—1 ﬁeJnce of rebound effect was

also found in the other tudy (Glanottl et al. 2003) A smgle subcutaneous injection

of GnRH antaﬁ‘uu Eitnj nﬁ ﬂnﬁmﬁ wﬂﬂmH receptors, reduced

serum FSH and‘liH levels within 6 — 48 hours and rebounded serum LH levels at 96
hours. qw ‘Tfr ﬂt@ﬂ\ﬁ ad gds%{;] f%tqvq\% q & %J‘uhancement of
hypothaldmic GnRH drive after the relief of its antagonist (Gianotti et al., 2003).
Accordingly, we assume that the rebound of gonadotropin levels during the post-

treatment period is caused by the increased responsiveness of gonadotrope to

GnRH.
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In summary, the present study suggests that a daily treatment of PM
containing phytoestrogens exerts the estrogenic effect of suppression on
gonadotropin levels in aged menopausal monkeys in a dose dependent manner.
After the cessation of PM treatment, the decreased gonadotropin levels can be
recovered to the pre-treatment levels within 60 days and depended on doses.
Muangman and Chershewasart, (2001) reported that the intake of 200 mg/day of the
crude extract of PM improved hot flush, skin dryness, and others without changes in
blood cells, liver, and re%m):ﬁl/ those symptoms related to high
gonadotropin levels (Oveﬂ;ﬁ'f, 2902; ﬁf et al, 2002). From the present

ef p‘&‘t\;@sal symptoms by suppressive

N

study, it can postulatem-'f

effect on the secretion of ins.
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